INTRODUCTION
Nowadays, condition monitoring and fault diagnosis of rotor system based on vibration signals are discussed in many papers and dissertations, such as Chert et al. (1995) , Muszynska (1995) , and Shi (1998) . In general, vibration (1995) , rotor crack mentioned by Zheng (1998) and others, could lead to nonstationary vibration in large rotating machinery. However, the ordinary FFT spectrum can only evaluate an average spectrum over a definite time period and fully loses the nonstationary characteristics of such vibration signals. Thirdly, we would obtain the amplitude spectrum as well as phase spectrum through FFT of vibration signal. Unfortunately, the latter is always overlooked in application. However, if the phase relation in vibration analysis is neglected, a considerable part of information on rotor behavior will be lost. It is well known that the phase information together with the amplitude spectrum determines the shape of original signal. Same amplitude spectrum with different phase spectrum corresponds to completely different signal forms in time domain. Hence, the trinity of amplitude, frequency and phase information is required to reveal the characteristics of vibration signal in frequency domain completely. Finally, the traditional spectrum analysis method is unable to express the relationship between the horizontal and vertical vibrations in a bearing. As we all know, in comparison with timebase in single direction of the rotor case, the shape of orbit diagram is not sensitive to the circumferential positions of two mutually perpendicular sensors. Similarly, only by using the information of two mutually perpendicular signals we can discover the actual vibration behavior of the rotor system.
In order to overcome the above defects, researchers put forward many advanced methods. Aiming at the former two respects, Qingfeng Meng, Qu (1992) and Jiang Meng (1996) introduced the Wigner distribution and short period Fourier transform (SPFT), respectively, to process nonstationary vibration signal. Owing to the interference effect of cross-term in former and the lower resolution along frequency axis of the latter, these two methods are restricted to some extent in practice. With regard to these two defects, Don Southwick (1993 Southwick ( , 1994 Meng (1996) integrated Wigner distributions and SPFT to full spectrum respectively. The vibration is decomposed into forward and backward components. The instantaneous precession direction could be specified according to the magnitude of the above two components. However, the other characteristics of nonstationary vibration will not be discovered in large rotating machinery.
The instantaneous purified orbit (IPO) Because SPFT is based on the hypothesis that thesignal must be stable in the window, the resolution is relatively low. In the signal processing procedure, the selection of window length is very important. On the one hand, longer windows improve resolution along the frequency axis. On the other hand, shorter window is concerned with a higher resolution along with the time axis. At the same time, the SPFT has no cross-term in comparison with the Wigner distribution. Therefore, the SPFT possesses a great increasing perspective in engineering field.
HOLOSPECTRUM THEORY
Holospectrum method is based on multisensor integration and fusion. It integrates the amplitude, frequency and phase information of two mutually perpendicular vibration signals. The procedure of integration is very simple (see Fig. 1 ): the FFT spectrum of the individual vibration signal is constructed first, and its precise amplitude, frequency and initial phase of the spectra lines are determined. Then, the holospectra composed of ellipses, straight lines and circles are constructed through the combination of corresponding spectral lines from the two FFT spectra. Meanwhile, geometrical parameters of holospectra component possess obvious significance. The length of major axis 2a as well as minor axis 2b of the ellipse indicates the maximum and minimum vibration amplitudes of corresponding frequency components respectively in Fig. 2 . In general, (a2-+ b 2)1/2 indicates the vibration power
FIGURE
The generating procedure of holospectrum. The FFT spectrum of the individual vibration signal is constructed first, and its precise amplitude, frequency and initial phase of the spectra lines are determined, then, the holospectra are constructed through the combination of corresponding spectral lines from the two FFT spectra. Fourier spectrum aimed at short data is introduced.
Improved Fourier Spectrum
Fourier spectrum proposed by Ramirez (1985) are introduced to compute the precise frequency, amplitude and phase by Renders and Schoakens (1984) 
X(f) --x(n)e n=0 IFS can be described as follows (Fig. 5 ). At first, we specify the frequency interval [f,fr] In run-up or shutdown stages, the vibration signal is typically transient along with frequency and amplitude modulations owing to acceleration and the characteristics of the rotating machinery itself. Therefore, the characteristics of transient vibration cannot be precisely described by means of the conventional spectrum cascade plot. Particularly, when we have no ample hardware (such as ratio synthesizer and anti-aliasing tracking filter) to sample at a rate proportional to the shaft speed, it is difficult to analyze the transient properties of vibration in run-up stage. Fortunately, the IPO method is an effective tool which can substitute for this complex hardware in order to accomplish this analysis. The characteristics of the rotor vibration, such as the critical speed and synchronous amplification factor, can be obtained by analyzing the variation regulation of rotating frequency ellipse in a series window. In order to verify IPO as being both scientific and effective, we present the following laboratory test result.
The test rig consists of two rigid disks and two bearing supports. The rotor system is driven by an electric motor incorporated with shaft through a flexible coupling. Each data set consists of 1200 data points and is sampled at a rate of 1000 Hz.
According to Eq. (6), the optimum window length is 48 points.
From the orbit diagram (Fig. 9) , there is no means to analyze vibration characteristics clearly.
Regular FFT spectrum (Fig. 10) gives us an average effect and conceals the transient property of the rotor in passing through a critical speed. Meanwhile, SPFT (Figs. 11 and 12 ), whose time length is 48, illustrates how vibration amplitude varies with time as well as frequency axis to some extent.
However, owing to lower resolution along frequency axis, the frequency-varying property is almost concealed.
Fortunately, IPO gives us a panorama.of rotor vibration accurately when passing through critical speed. In this circumstance, precession direction of the rotor is entirely forward owing to isotropic properties of the supports. It is confirmed clearly by IPO from Fig. 13 . Except for precession direction, the other properties such as inclination angle of major axis, vibration power and eccentricity of rotating-frequency ellipse are manifested completely. From From IPO (Fig. 19) , we can find the following characteristics of rotor.
(1) Precession direction From the 1st window to 7th window of vibration signal, rotor has negative precession. And then, the rotor has positive precession from the 7th window to the end. FIGURE 18 FFT spectra of bistable vibration.
FIGURE 19 Instantaneous purified orbit of bistable vibration (positive precession direction is denoted by '/' negative precession direction is denoted by ',').
45 to 20 at 7th time window. However, it is very stable in any other window.
(3) Vibration power Obviously, it increases in 7th time window immediately. 
